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1 Introduction
In RAN#85, the objective of NR mobility enhancements was updated [1]. Specifically, it states:
	· To specify the following solutions agreed during the study phase. [RAN2/RAN1/RAN3/RAN4]:
· To reduce interruption time during HO:
· Dual active protocol stack based HO interruption time reduction solution; 
· To improve HO/SCG change reliability and robustness:
· Conditional handover for NR PCell change;
· Conditional handover based NR PSCell addition/change for any architecture option with NR PSCell;
· T312 based fast failure recovery (similar to LTE)


In this contribution, the physical layer aspects for dual active protocol stack (DAPS) based HO are discussed taking into account both RAN#85 outcome and RAN1#98 conclusion.
2 How to leverage features supported by Multi-TRP WI?
RAN1 has discussed that there is similarity in various aspects between multi-TPR enhancements and mobility enhancements. As per Rel-16 eMIMO summary [2] which captures RAN1 progress so far, the technical aspects for multi-TRP includes: 
· Multi-PDCCH based M-TRP/Panel transmission: PDSCH/PDCCH/PUCCH
· Single-PDCCH based M-TRP/Panel transmission: TCI/DMRS port indication
· Reliability/Robustness enhancement with M-TRP/Panel transmission: Transmitting the same transport block from multiple TRPs
In general, it seems straightforward to apply multi-PDCCH based M-TRP/Panel transmission towards mobility enhancements, i.e., one PDCCH (and corresponding PDSCH) for source cell and the other PDCCH (and corresponding PDSCH) for target cell. The technical details to be applied for handover scenario need to be adjusted case by case. 
On the other hand, single-PDCCH based M-TRP/Panel transmission may not be applicable to handover scenario which does not guarantee dynamic scheduling across source and target cells. 
Multi-TRP support for URLLC is aiming for reliability/robustness enhancement, e.g., by transmitting the same transport block from multiple TRPs. However, in the context of HO interruption time reduction, multi-TRP for URLLC seems to be out of focus. 
Observation 1: In principle, the specification support for multi-PDCCH based M-TRP/Panel transmission is also applicable for DAPS based HO interruption time reduction. The technical details should be adjusted further for HO scenario.
Observation 2: Single-PDCCH based M-TRP/Panel transmission may not be applicable for DAPS based HO interruption time reduction.
Observation 3: Multi-TRP support for URLLC is out of scope for DAPS based HO interruption time reduction.
3 Procedures related to DL/UL operation
RAN1 has identified potential physical layer aspects that may be relevant for DAPS based HO solution:

PDCCH
In DAPS based HO, the PDCCH monitoring capability can be shared between source and target cells. It would be either semi-static or dynamic. Similarly, the maximum UE transmission power can be shared between source and target cells. The difference between PDCCH monitoring and maximum UE transmission power is that decisions for the former (PDCCH candidates to monitor) are made at different nodes (source and target cell) while decisions for the latter (transmission power to allocate per channel/signal) are made at the same node (UE). This makes dynamic sharing of the PDCCH monitoring capability not possible in practice while dynamic sharing of the maximum UE transmission power is possible. This is in line with the current NR-DC operation.
Proposal 1: For DAPS based HO, PDCCH monitoring is configured semi-statically across source and target cells. 

BWP
For the case of FR1 intra-band HO (inter-frequency and intra-frequency), previously RAN1 has left it open with respect to BWP configuration [3].
In this case, from UE implementation perspective, it is desirable to have BWP configuration where the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell). 
Proposal 2: For intra-band HO and DAPS based HO, the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell).

UL power control
In general, dynamic power sharing is beneficial to avoid coverage loss and reduction in UL (and possibly DL if UCI is also affected) spectral efficiency. Since with dynamic power sharing a total UE transmission power at a given time can exceed PCMAX, power prioritization rules are needed for the channels/signals to be power scaled/dropped. 
As of Rel-15 power prioritization rules when a total UE transmit power exceeds PCMAX, PRACH transmission on the PCell has the highest priority. This also makes sense in the context of DAPS based HO assuming the PCell is not limited within a source cell, i.e., the PCell is on either source cell or target cell. That is, when a UE has received HO command indicating DAPS based HO, the best way to reduce HO interruption time would be to prioritize preamble transmission to target cell rather than UL transmission to source cell.
In addition, Rel-16 MR-DC/CA WI will impact UL power control procedure which should be taken into account for DAPS based HO as well.
Observation 4: For DAPS based HO, the Rel-15 power prioritization rules can be starting point when a total UE transmit power exceeds PCMAX. The power control aspects for Rel-16 MR-DC/CA WI should be taken into account for DAPS based HO as well.
Proposal 3: For DAPS based HO, when a total UE transmit power exceeds PCMAX, PRACH transmission on the PCell of the target cell has the highest priority. 
4 UE capability
RAN1#98 agreed to support a separate UE capability for DAPS based HO:
	RAN1#98 Agreements:
· Support separate UE capability for NR-DC/CA and dual active protocol stack (DAPS) based HO interruption reduction solution.


It is also RAN1 understanding that CA/DC functionality has an impact on DAPS based HO (already captured in previous RAN1 LS [3]):
	…
· It should be noted that feasibility of simultaneous transmission and reception for each case mentioned is only possible if the UE supports such band combination as part of CA and/or DC. For all scenarios, the feasibility inputs are to be confirmed by RAN4 taking into account aspects such as AGC, PSD/power difference, MPR/A-MPR, carrier frequency separation, etc.
· Some UE resources may need to be released in the source gNB (e.g. number of CC/bands/MIMO layers) to support simultaneous Tx/Rx with target gNB.
…


For inter-band and inter-frequency HO, an existing DC framework can readily be utilized in which a UE declares support of carrier frequencies which can be involved in DC. In case two carrier frequencies involved in HO match with DC combination, this HO can be done with DAPS by leveraging DC functionality. More specifically, if two carrier frequencies involved in HO match with MCG carrier frequency and SCG carrier frequency in a DC combination a UE declared, then this HO can be done with DAPS.
Proposal 4: For inter-band inter-frequency DAPS based HO, DC functionality involving two frequencies in MCG and SCG are utilized.
One thing to note is that a UE declares other RF and baseband parameters in addition to frequency band for DC. When inter-band inter-frequency DAPS HO utilizes a UE’s DC functionality, RF and baseband parameters configured for two cells in HO should satisfy those parameters a UE declared for MCG and SCG in the corresponding DC combination.
Proposal 5: When DAPS based HO utilizes a UE’s DC functionality, RF and baseband parameters configured for two cells in HO should satisfy those parameters a UE declared for MCG and SCG in the corresponding DC combination.
For intra-band (which can be inter- or intra-frequency) HO, it is possible that there is no DC combination in which two same frequency bands are involved. Even in this case, an existing DC combination can be utilized in most cases as long as one of MCG and SGC involves the carrier frequency of the HO. This is because two same frequency band in most cases are ‘easier’ than two different frequency band in a UE viewpoint. 
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Figure 1: Example for DL receiver process
Figure 1 is an example for DL receiver process. Suppose UE declares supporting (frequency band 1, frequency band 2) combination. This could be implemented by the receiver architecture in Figure 1(a). Two different RF chains are here to take care of received signal from different frequency band. A slightly modified architecture in Figure 1(b) could be implemented for intra-band DC operation at frequency 1. Since UE declares the capability of (frequency band 1, frequency band 2) combination, the baseband should have the processing power to handle two-cell operations with same baseband parameters declared for the DC combination.
Proposal 6: For intra-band DAPS based HO, DC combination a UE declares can also be utilized in one of the ways below.
1. Any DC combination can be utilized if MCG and/or SCG includes the carrier frequency of the HO.
2. A UE may declare preferred DC combination(s) among multiple ones which include the carrier frequency of the HO in MCG and/or SCG.
When intra-band DAPS based HO utilizes DC combination in a way proposed in proposal 6, baseband parameters in MCG and SCG should separately satisfy configurations for two cells since a UE’s total baseband capacity remains the same. 
Proposal 7: When intra-band DAPS based HO utilizes DC combination in a way proposed in proposal 6, baseband parameters in MCG and SCG should separately satisfy configurations for two cells.
5 Conclusion
Based on above discussion, the observations and proposals are summarized as following:
Leveraging multi-TRP features:
Observation 1: In principle, the specification support for multi-PDCCH based M-TRP/Panel transmission is also applicable for DAPS based HO interruption time reduction. The technical details should be adjusted further for HO scenario.
Observation 2: Single-PDCCH based M-TRP/Panel transmission may not be applicable for DAPS based HO interruption time reduction.
Observation 3: Multi-TRP support for URLLC is out of scope for DAPS based HO interruption time reduction.

PDCCH
Proposal 1: For DAPS based HO, PDCCH monitoring is configured semi-statically across source and target cells. 

BWP
Proposal 2: For intra-band HO and DAPS based HO, the active BWP of one cell (either source or target cell) is confined within the active BWP of the other cell (either target or source cell).

UL power control
Observation 4: For DAPS based HO, the Rel-15 power prioritization rule can be starting point when a total UE transmit power exceeds PCMAX. The power control aspects for Rel-16 MR-DC/CA WI should be taken into account for DAPS based HO as well.
Proposal 3: For DAPS based HO, when a total UE transmit power exceeds PCMAX, PRACH transmission on the PCell of the target cell has the highest priority. 

UE capability
Proposal 4: For inter-band inter-frequency DAPS based HO, DC functionality involving two frequencies in MCG and SCG are utilized.
Proposal 5: When DAPS based HO utilizes a UE’s DC functionality, RF and baseband parameters configured for two cells in HO should satisfy those parameters a UE declared for MCG and SCG in the corresponding DC combination.
Proposal 6: For intra-band DAPS based HO, DC combination a UE declares can also be utilized in one of the ways below.
1. Any DC combination can be utilized if MCG and/or SCG includes the carrier frequency of the HO.
2. A UE may declare preferred DC combination(s) among multiple ones which include the carrier frequency of the HO in MCG and/or SCG.
Proposal 7: When intra-band DAPS based HO utilizes DC combination in a way proposed in proposal 6, baseband parameters in MCG and SCG should separately satisfy configurations for two cells.
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